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HIGH EFFICIENCY* HIGH POWER DIRECT 
DIODE LASER SYSTEMS AND MEIIGrODS 
THEREFOR 

BACKGROUND OF THE INVENTION s 

The present invention relates gener^ to diode laser 
array systems* More spedficaliy, the pteseat invention 
relates to high efficiency, high power direct diode laser 
systems. 

In numerous applications such as las^ tracking, laser 
guidance and laser im^ing^ it is desirable to isrodace a high 
power coherent laser ou^ut Moreover, high power coherent 
laser systems find applications in sudi diverse fields as 
offensive and defensive weapon systcans, e.g., non-visible 
light illuminators for special operation forces and protective 
laser grids, as well as matedal processing, e.g.. welding, 
oitting, heat treadng and ablating^ and medicine, eg., sur- 
gical and diagnostic aides. 

In the earliest laser systems, single semiconductor lasers ^ 
were utilized to provide a coherent source of User output 
These single semiconductor lasers were limited in the 
amount of power which they could provide due to their 
structural limitations and limited efSciency. More recently, 
arrays of semiconductor lasers have also been utilized in ^ 
whidi adjacent emitters of the array of semiconducta lasCTs 
spaced upon the same substrate are coupled together. One 
such lasea: array system was disclosed in commonly assigned 
U.S. Pat No. 5212,707 to Hei<fel et al. whidi is Inccxpo- 
rated herein by reference for all purposes. ^ 

FIG. 1 illustrates a one-dimensionai semiconductor laser 
array 10 according to U.S. Pat. No, 5^1Z707, which is 
mounted on a heatsink 12. The semiconductor laser array 10 
has an associated 1^ assemhly 22» 24 fcr collimating the 
laser array's oo^t which is positioned adjaoeat to the 35 
emitting facet of the scmioonductOT laser array 10. Lens 
assembly 22, 24 is attached to the ears 25 of ^ heatsinlc 12. 
The emitters 20 the array 10 are supplied with power from 
an external power supply via wires 18. a standoff pad 16 and 
a power lead 14. In an exemplary case, Ae senuconductor 4^ 
laser array 10 shown in FIG. 1. includes ten individual 
emitters 20; and nuniber of emitters 2$ may be employed as 
determined by tb& requirements of the particular application. 

Once the semiconductor laser array 10 has been 
fabricated, mounted and powered, the ou^ut of the semi- 45 
conductor laser array's emitters 20 must be collimated in 
cxder to obtain the desked collimated output The lens 
assembly, as shown in FIG. 1* which is designed to collimate 
the oatpat of the semiconductor laser array 10, includes a 
first refractive lens 22, tyjacaUy of a biconvex design, and a 50 
second binary ofrtical di^nent 24, which is essentialiy a 
diffractive lens. The refractive biconvex lens 22 coUimates 
the fast axis of each emitter 20 while the binary opttc^ 
element 24 s^ves to collimate the slow axis of each emitter 
20 and correct all spherical aberrations inciudmg those 55 
introduced by the coUimation performed by the refracdve 
lens 22. 

The binary optical element 24 includes a substrate o& 
whidi a binary optical diffraction pattern 26 is etched. 
Generally, the materials of (he refractive lens 22 and the 60 
binary optical element 24 have su3>staiitially equivalent 
refractive indices such that minima] refraction occurs at the 
interface between the refractive lens 22 and the binary 
optical dement 24. The binary optical element 24 has a bade 
surface27positionedadjacenttothefront surface 20 of the 65 
refractive leas 24 and a front surface 28 on which the binary 
optic diffraction pattern 26 is etched. Since the binary optical 
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diffractkm p«acm 26 is produced in accofdancc with typical 
binaiy optic technology, ns wcU known to those of ordinary 
stiUin the art (Sec VS. Pat. No. 4.S46^52.), further 
discussion of this technology will not be provided. 
5 The binary optic diffiractioo pattcxn 26 is typically an eight 
phase level structure (although a two. four, or satecn-ph«e 
level structure could also be utilized) which coirccts for 
optical path differences inherent in the divcigent ouQmt hghl 
of an emitter of a semiconductor User array. Thus, the rays 
of Uriit which exit the binary optic element 24 will have all 

travelled equal optical pathlengths. defined as a jAysical 
pathlength imiltiplicd by the index of refraction of the 
material through which the light rays travelled which arc 
equal or varied from that equal optical pathlength by only an 
, integer multiple of the wavelength of the Ughtbeing emitted. 

An eight level binary optic diffractivc pattern 26 is shown 

schematically in FIG. 1. 
A two-dimensional semiconductor laser array can be 

fabricated from a pluraUty of the onc-dirocnsional semicon- 
^ ductw laser anays !• shown in FIG. 1. The one-dimensioiial 

semiconductor laser arrays 1% are stacked as shown in FIG. 

2 within a heatsink wbkh serves as a holding or clampmg 

fixture 7#. The clamping fixture ?• is designed such that the 

one^dimcnsional semiconductor laser arrays !• may be 
„ stacked on top of one another so that the outputs of each 

one-dimensional semiconductor laser array are substantiaUy 

pataUcl to the ou^ of the other semiconductor laser 

arrays. 

Once the one-dimensional semiconductor laser arrays it 
30 have been mounted within the clamping fixture 7*. the 
oollimating lenses are aUgned and attached TTie fabrication 
of the ^tiimmting lenses is done in a manner identical to that 
previously discussed such that the refractive lens 22 is 
cemented to the binary optical element 24 which has been 
35 designed to coUimatc the laser output of each emitter 2#. The 

alignment and attachment of the coUimating lenses is 
acownjrfished in a sequential fashion for optimum efBciency. 
The coUimating leases Ma associated with the first one- 
dimensional semiconductor laser array ltd arc positioned as 
40 previously described such that the optical axes of each 
emitter 20 of the semiconductor laser array It arc substan- 
tiaUy aligned with the center of the collimatUg lens assem- 
bly Wo. , . 
The second coUimating lens assembly 80* is then placed 
45 in front of a second one-<Umcnsional semiconductor laser 
array 10b and is held in position by means of a vacuum 
chuck 76 connected by a vacuum Unc to a vacuum source, 
as shown in FIG. 3. The two-dimensional semiconductor 
laser aixay 10 is then supplied power such that the cmiCMS 
50 20 produce a Uglit output A transform lens 72 is positioned 
within the path of the light emitted from the first and second 
one-dimensional semiconductor User arrays. The transform 
lens 72 may be a plano«»vcx or a biconvex lens, as shown 
innG.3. such that a simulated far fiddwiUw«ra^™ 
55 focal plane of ttic transform lens 72 when the input Ught to 
the transform lens 72 is collimatcd. To determine the sumi- 
lated far fidd, when aU beams of light overlap at the focal 
plane of ttie transform lens 72. a Une scan detector 74 is 
positioned at die focal plane. The ouQiut of the line $«n 
60 dctcctaismomtorcdtodctcimincifpropcrcollimationhas 
been achieved. The position of the second coUimating lens 
assembly W> is varied untU proper coUimation is observed 
at the focal plaDc of the transform lens. Once proper 
colUmation is observed, the position of the second coUimat- 
65 ina lens assembly 80b is preserved by fixing the lens 
asscnibly in position in the ears 25 of the clampmg flbuure 
70. An identical aUgnment procedure is done for each lens 
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assetnbiy aad Its correspoading one-dimensional sendcon- 
ductcff laser array 10, until & lens assemibly for each 
semiconductor laser array 10 has beesi properly aligned such 
dtat the light Is coUimated and focused at the simulated far 
field. 5 

The two-dimenaonal laser anay when pcopedy su^^plied 
with power |»ioduces a single coUimated spot of laser ou^t 
in the far field. By utilmng a pluiali^ of one-dimensional 
semiconduc^ laser arrays 10 whose ou^uts may be 
combined, the ou^ut power of the two-dimesdonal semi* |q 
conductor laser array may be quite hi^ For example, 25 
watts of continuous wave laser energy was ftfoduced by a 
two-dimensicHial semiconductor laser array consisting of 
twelve one-dimensional semiconductor laser arrays with 
each one-dimensionaf semiconductor laser axray having 
twenty one emitters. Additionally* the overall efficiency of 
the laser array from electdcai ii^Hit to power in the central 
lobe was approximately 26%. 

U.S. Pat. No. 5^99^22 discloses an alternative apjjfoach 
to producing a high power lasa: diode systm that collects 20 
and concentrates laser output from a stack of diode laser bars 
in a form that is useful and flexible for pumping a lasa. e.g., 
a solid state laser As shown sdiematically in FIG. 4, the 
light beam ouiput of stacked diode laser bars Is coupled into 
aplurality of optical fibers. The ou^ut light beams from fee ^5 
fibers may be used to pump a laser resonator. The fibers can 
be grouped at various end points of a solid-state las^ cavity 
for efBdent end-pumping. In FIQ. 4. a light beam U is 
emitted by a plurality of diode laser bars in a diode laser bar 
stack 13^ and light from a selected group of die bars is 30 
collected by one of a pJuialify of cylindrical lenses 15 
positioned adjacent to but spaced apart from each diode bar 
in the stack 13. Each diode laser bar may have an aspect ratio 
(lenglh-to-width) as high as 10,000:1, or even higher, and 
&e cyUndrical lenses 15 are interposed to reduce the beam 35 
diverg^ce angle in a first direction, relative to the beam 
divergence angle in a second, popcndicular direction, so 
that the resulting beam div^ence angle in each of the two 
directions is rou^y the same. 

two Of moic turning miircrs 17A, 17B, 17C and 17D 40 
separate mutually exclusive portions of tiie l%ht beam 11 
into non-overlapping light beam con^nents 19A, 19B, 19C 
and 19D, respectively, and at least one pump light beam 
component, such as 19E, is (^tionally defined by a portion 
of the light beam 11 that does not encounter a turning mitror. 45 
Each H^t beam con^wn^it 19A, 19B. 19C, 19D and 19E 
is then focussed by suitable focusing optics 21A^ 21B, 21C, 
21D and 21E, respectively, into a corresponding multimode 
o^cal fiber 23A, 23B, 23C, 23D and 23E, respectively, with 
die diameters of the fibers being diosen to fully captiffc ^c 50 
optical beam intended for diat fiber. Preferably, the sine of 
the conv^^ence angle as a light beam arrives at a li^- 
receiving end of a fiber is less than the numerical aperture 
NA of that fiber. In one embodiment, each optical fiber has 
a diameter of about 500 [un. but dais fiber diameter may be ss 
as large as a few mm» Badu of die focusing optics 21/ (HA, 
B, C, D or E) may be a lens with a short focal length, such 
as f=635 mm. and is intended to cause the resulting beam 
to converge to an entrance diameter, measured at the 
entrance of the corresponding fiber 2%", that is about 25 60 
percent of the diameter of the portion of die pun^ light beam 
11 that anives at the focusii^ optics 21J. 

The numedcal q>erture NA of the nuiltimode fiber 23/ lies 
in the range 0. 15-0.3 but may be as high as 0.6. Each optical 
fiber 23/ delivers the conqionent jmap li^t beam pcoga.- 65 
gating therein to a selected position and with a selected 
angular orientation relative to the laser cavity to be pim^d 



by Uiis collectioD of ooinpoaeat pump light beams. Each 
optical fiber 23? is piovided with an anti-reflective coating at 
the diode laser wavelength B and the coating is eititier 
applied directly to ttic fiber end or to a s^arate glass 

5 window liiat is bonded to the li^t-recdving end of that 
fiber. The c<»:e cialexial of the fibct 23^ may be glass , and live 
cladding material of the &bet jzuy be glass or plastic, with 
a smaller refractive index than the core refractive index, 
whid) determines by the numerical aperture of the fiber in a 

10 manner well known in the art 

Jt will be predated that expandoo of the systems 
discussed immediately above would require botii a large 
amount of real estate and complex opdc assemblies to 
couple the outputs of a {^urality of the disclosed output 

15 modules to a single spot For exan^le. the presence of lens 
72 in FIG. 3 suggests the need for a focusing lens associated 
wiHi each mocbile; FIG. 4 suggests that a plurality of lenses 
21 are needed to efficiently couple tte outpat of a single 
diode laser array. It would be desirable for a plurality of 

20 semicc«iductoc User arrays to produce a single spc^ of hig|i 
intensity laser ou^ut using a sunple and robust opticd 
subsystem. Furthermore, it would be desind^e for a plurality 
of semiconductor laser arrays to be mounted evenly and tiie 
ou^uts thseof collimated in such a manner as to fill the 

^ available aperture to thereby provide a substantially constant 
intensity across ^e single spot of laso: output produced* 

SUMMARY OF THE BWElSmON 

30 Based on the above and foregoing, it can be appreciated 
that there presently exists a need in the art for a diode laser 
system whidi overcomes the above-described deficiencies. 

An object according to the present invention is to provide 
a direct diode laser system generating a high fiuence level at 
35 a worlqaece. 

Another object accoidii^ to tiie present invention is to 
provide a direct diode laser system which generates a high 
power laser beam. According to one aspect of the present 
invention* the hi^ power laser beam can be fooised onto a 
40 single spot for interaction with a wwrkpiece. According to 
another aspect of tht present invention, the high power laser 
beam may be directed into one end of a soHd state laser. 

A still further object of the present invention is to provide 
a direct diode laser system which generates a high fiuence 
level at a wor^iece using didiroic coupling <rf multiple 
frequency collimated laser beams. Advant^eously. all of the 
collimated laser beams can be generated using laser diode 
arrays. 

Yet anolber object of the present Invention is to i^ovide a 
^ direct diode laser system which genraates a high fiuence 
level at a workpiece using t>oth diduroic and polarization 
coupling of multiple frequency collimated laser beams. 
Advantageously^ all (tf the collimated laser beams can be 
generated using laser diode arrays. 

An additional object of the present invention is to provide 
a direct diode lasCT system which generates a high fiuence 
level at a wor^ece by simultaneously coiqpling thousands 
of collimated ias^ diode outputs into a single fiber via a 
^ single lens. 

Another object of the present invention is to provide a 
direct diode laser system which generates a linearly scalable 
hi^ power level ou^t 

These and other objects, features and advantages of &e 
65 present invention are provided by a direct diode laser syston 
which inchides N laser head assemblies (LHAs) generating 
N ou^xit beams. N optical fibers receiving respective ones 
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of the N output beams and geomting N received ou^ut 
beams, and a torch head recallimattng and focusing tibe N 
received ou^tit beams onto a singb spot Acccixiii^ to one 
aspect of the iavection, eacb of the laser head assemblies of 
the direct diode laser system includes M modules generating 5 
M lasca: beams, wherein each of the M laser beams has a 
€oatesp<Miding single wavelengdi of li^t, M-1 diduoic 
^ters, wh^reia ead! of the M-1 dtchroic filter transmits a 
cacresponding one wavelei^ of the M laser beams and 
reflect all other wavelengths of the M laser beams^ and a 
fibei coupling device collecting the M laser beams to 
produce a respective one of the N output beams. 

These and other objects, features and advantages of the 
present invention are provided by a direct diode laser 
system^ induding N laser head assemblies (LHAs) general- is 
ing N ou^Hit beams, wherein each of die N laser head 
assemblies includes M first modules gen^ating M first lasei 
beams^ wherein each of &e M first laser beams has a 
coiresponding single wavelength of light, M-1 first didiroic 
filters defining a first optical waveguide for directing all of 20 
die M first laser beams into a first optical padi. wha-ein each 
of die M- 1 first dichroic filters transmits a ccrre^nding one 
of the M first laser beams having a respective wavcJwigdi 
and reflects all odier wavdengdis of the M first laser beams* 
a fiber coupling device disposed adjacent to the first optical 2s 
path for ooUeding die M first laser beams to produce a 
respective one of the N output beams. N optical fibers 
receiving respective N output beams and generating N 
received output beams, and a torch head recoUimating and 
focusing die N received ou^t beams on a single spot 30 

These and other objects^ features and advant^s accordr 
ing to die present Invention are provided by a mediod for 
generating a high energy laser beanu induding steps fom 

(a) generating P coUimated laser beams having an Mdi 
wavelengdi; 35 

(b) cepeadng st^ (a) M times so as to produce M)dP 
coUimated laser beams having M different wavdengdis; 

(c) coupling the MxP coUimated laser beams into an optical 
padi; 

(d) coupling die MxP coUimated laser beams uito an idi 40 
optical fiber to diereby produce a cocre^nding ith output 
lasa: beam, where i=l to K; 

<e) repe^g steps (a) dirough (d) N times to tfa^eby 
generate N ou^ut laser beams; 

(f) jecollimatiag the N ou^t laser beams to produce K 4S 
recolliniated las^ beams; and 

(g) fooising the N recoUimated laser beams onto a single 
spot 

These and other objects^ features aad advantages of the 
invention are disclosed in or will be ^ipareat from die 50 
following description of prefened embodiments. 

BRIEF DESOUmON OF THE DRAWINGS 

These and various other features and aspects of the 
present invention will be readily und^tood with reference 
to the following detailed desciqjtton taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a perspective view of a oneniimensional semi- 
conductor laser army assembly^ a re&active lens, and a 
binary optic ekmcnt; ^ 

FIO. 2 is a two-dimensional semiconductor laser array 
and its associated coUimatittg optics held widiin a dan^g 
fixture; 

FIG. 3 is a side view of a transfoon lens in a two- 
dir&ensional semiconductor laser array structure illustrating 65 
die prop^ coHimatiofi of lasa^ diode ou^uts by a collimat- 
ing lens assenibly; 
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FIG. 4 is a schematic view of an optical system used to 
couple the outputs of a 1 cm length diode laser stack into Ave 
separate fibers; 

FIG. 5 is a high level block diagram of a high efficiency. 
^ high power direct diode laser system according to the 
present invention; 

FIG. 6 is a more detailed block diagram of selected 
compCHiexits of the high efficiency, high power direct diode 
laser system shown in FIG. 5; 

FIG. 7 is a detailed schematic diagram of die optic bed of 
one of the assemblies illustrated in FIG. 6, which is useful 
in und^tanding one facet of system power scaling accord- 
ing to the present invention; 
xs FIG. 8 is a side view of a diode laser aoay module which 
can be employed in an exen^lary embodiment according to 
the present invention; and 

HG. 9 is an illustration of an exen^laiy configuration of 
the torch head assembly c£ FIG. 5, 

20 

DETAILED DBSCRIFnON OF THE 
INVENTION 

HG. 5 is a high level block diagram of the high efficiency, 
high power direct diode laser system (DLS) 1 according to 
^ alternate preferred embodimoits of the present invention. As 
illustrated in FIG. 5, the DLS 1 includes a power supply 100 
providing power to both a controller 200 and N laser head 
assembly ^HA) controllers generally denoted 500, N lasa 
head assemblies (LHAs) gcnoally denoted 400 receive the 
output powCT of the LHA controllers 300, respectively, and 
provide N optical output laser beams to a torch head 500 via 
N optical fibers. It should be mentioned that the torch head 
500 advantageously can be augmented by a laser head 510 
(See FIG. 90* and, thus, the alternative designation in FIG. 
5. 

Freferably, the number N of LHA controllers 300 and 
LHA's 400 can be varied as required to provide a desired 
ou^t power of the DLS 1. In an ctemplary case, 4 LHA 

^ controllcrs300A,300B,300Cand300Nprovidingelectricai 
power to 4 LHAs 400A, 400B, 400C and 400N, 
respectively, arc included in die DLS 1. The block diagram 
of FIG. 5 iUustrates a DLS L in which the optical output 
laser beams of 4 LHAs 400, eadi produdng SOO watts of 

^5 power, are combined to deliver over 3200 watts of cw power 
to a sin^e focusing lens. As discussed in greater detail 
below widi respect to HG. 9, die output of each respective 
LHA 400 advantageously can be fiber coupled and at the 
distal end of each fiber (approximately 1 mm diameta) they 

^ can be recoUimated. Ihe 4 collimated laser sources, i.e. , the 
4 ou^ut optical beams, preferably are collected by a single 
lens, which focuses the 32(X) watts of total power onto a 
single point U will be iqspreciatcd that this latter technique 
is comm<Mdy used in industrial laser systems to increase 
fluence on the work piece. 

In an exemplary embodiment of the DLS 1 of HG. 5, the 
power supply provides DC powerto controller 200 and LHA 
controllers 300. Preferably, controller 200 acts as a master 
controller with respect to the N LHA controllers 300, vt^ch 

£0 iict as slave controllers. Jt should also be mentioned that each 
of the N LHA controllers 300 controls and varies the output 
optical beam of the respective LHA 400. as discussed in 
greats detail below. 
FKj. 6 is an intermediate level block diagram showing 

65 additional details of Ulc LHA 400 and torch head 500 
components illustrated in HG. 5. Advantageously, eadi of 
the N LHAs 400 includes M diode laser modules 410, of 
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which the output beams of M/2 modules and oombiDed with 
the ou^ut beams of the Cf&ia W2 modules 419 using 
polanzation ccHiabinar 450. The combined output beam of 
cadi of the N polarization combiners 4B% is foovided to 
torch head 500 via Gber ccMq^ling optics 460 and a respective 5 
optical fiber 470. 

Refening now to FIG. 7. a detailed descr^on of an 
exemplary embodiment of LHA 400 will now be presented. 
Preferably. M diode laser modules 410 are disposed on a 
support plate or optic bed 430 in groins of W2 mcxbiles 
410, the left andiight groups of modules 410 being di^sed 
on opposite sides of a polanzation combiner (polarizer) 450. 
The output beams of tiie left set of M/2 modules 410 are 
combined using (M/2)-l dichroic fihers 420 and directed to 
the reflecting surface of polarizer 4^. The output beanofi of 
the right set of M/2 mochiles 41i are ccsnbiaed using an 
additional (M/2)-l Schrcic Mers 420 and directed U> &e 
transmitting surface of polarizer 450 via waveplatc 440. 
Polarizer 450 combines the left and right sets of M/2 laser 
beams produced by the left and ri^t M/2 module sets in a 20 
manner well known to those of ordinary skill in tho art 

The output beams of the polarizer 450 are transmitted to 
the optical fiber 470 via fiber coupling optics 460. 
Advantageously* fiber coupling optics may include a rday 
minor 462, a transform lens 464 and a fiber coupler 466, 25 
arranged in that order along ^e optical path of the LHA 400. 
Preferably, polarizer 450 and the relay mirror 463 provide 2 
axis adjustment while the transform lens 464 provides S axis 
adjustment In the exenq)lary case illustrated in FEG. 7, 
waveplatc 440 produces p<^arization rotation of the output 30 
beams of the right group of M/2 modules. 

Advantageously, each of the left and right sets of modules 
410 produce ou^ut beams each having a diffaent single 
wavelength, the wavelength separation between ^ ou^ut 
beams being only dependent on the quality of &e dichroic 35 
filters used in the DLS 1. (M/2>1 of the modules 410 are 
disposed behind a respective optical bandpass filter 420 
which transmits only the output beam ficom that module and 
reflect all other wavelengths of light. Since the module is 
mechanically ind^ndent of the associated dichroic filter 40 
420. the dichroic filters 420 can be aligned separately from 
the modules 410. After all of &e modules 410 are combined 
in wavelengths then ^e broadband polarize 450 is used to 
combine the output beams from the opposing groups o£ M/2 
noodules 410 into a single hi^ brig^mess beam. 45 

As discussed inmiediately above and as shown in FIG. 7^ 
twelve 100 watt coUimated diode lasti modules 410, six 
each in 1^ and right g^ps, are combined for launching 
into a single critical fiber. It should be noted that each 
module 410 in one of the left and right groups of mo^es so 
410 produces laser light at a single selected wavelength- 
Rref erahly, the selected waveieDgdi corre^nds to the band- 
pass wavelength of one of the dichroic fitters 420. The 
selected wavelength jKcferably is wifliin the range of 
^)proximately 450 nm to 2.5 microns, and the selected 55 
wavelei^s prrferably all fall within fee 760-1050 nm 
ran^e. widi the range of 800-980 nm being most prefetable 
for the exemplary case illustrated in FIG. 7. It should also be 
mentioned that the minimum dIfEerential wavelength for any 
two of the modides 420 is ^aroxiimtely 10 am, which ^ 
cQtrespc»tds lo the minitnum band pass of the dichroic filters 
420 available using present technology. Thus, the number M 
of modules 410 in each LHA 400 is 20 for each lOOnmin 
bandwidth of tbe ouQHit of tcrdi head 500 when bodi 
dichroic filters 420 and pcdarizer 4S0 are employed and 10 6S 
for eadi 100 nm in bandwidth when only dichroic filters 420 
are en^)loyed. However^ the numb^ M of modules can be 
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increased as the passbaod of each ctf the dichroic filters 420 
deaeases, E should be mentioaed that dichroic filters 420 
advantageously can be low, high of band pass filters. 
It will also be appreciated ttiat the wavelengflis produced 
5 by the modules 410 advantageously can be selected to 
facilitate use of the DLS 1. For exan^^le, a angle one of the 
modules 410 can produce a wavclen^ in the visible portion 
of the spectrum so as to provide a guide beam for reasons of 
safety. 

of die modules 410 advantageously can be con- 
structed as shown in HG. 8. whra:ein a plurality of lasor 
diode arrays 414 are su^KMled by a heatsink 412 within a 
case 418, Preferably. 3 or moic tilt correcting mirrors 416 
are used to conibine the outputs cf the laser diode arrays 414 
15 into a highly collimated output beam- Preferably, each 
module 410 advantegpously includes P laser diodes. It will 
be ^predated that the only significant limit on the number 
P is the number of laser diodes which can be effectively 
cocked. 

^ a should be noted that the modules 410, while similar to 
those disclosed in U.S. Pat No. 5212,707 in some respects, 
are significantly different in a number of o^er respects. The 
modules described in Pat. No. 5,212,707 were actually 
fabricated and tested as part of a 100 watt fiber coupled 

^ system that was sold by the assignee in 1993. While these 
modules produced hi^y collimated laser diode arrays, 
diere have since been several new developments in technol- 
ogy that have enabled Ae modules 410 to be enhanced 
vis-a-vis ttiose disclosed m U.S. Pat. No. 5,212,707. For 

^ example, fee basic emitters used in die patent were index 
guided devices, £,e., rib iasers, j&i contrast the modules 410 
according to the present invention advantageously can be 
gain guided structures, in particular, 20 miaon wide oxide 
defined straws. While the laser diode array 414 does not 

^ produce the same divergence as the index guided structures 
described in U.S. Pat No. 5212,707, they do fooduce 
significanUy higher output power levels. Moreover, the 
additional improvements that have developed since the '707 
patent was issued include: 

^ (a) The use of hi^ power index guided devices, sudi 
those found in Model Na SDL 54 10 by Spectra Diode Labs, 
Inc.; 

(b) The use of a tapered osciHator design whidi is. in 
45 general, an oxide defined stripe but with a diverguig wave- 

(c) Li^ovcd binary optics, whereby it is no longer 
necessary to use a refractive element to share die pow^ and 
collimate fee ligjit fi:<Hn the emitters. It will be appreciated 

5Q that this latter improvement alone increases the e£fe<^ve 
fiuence produced by each of the laser diode arrays 414. 

Implementing all of these improvements collectively can 
dramatically increase the brightness of the module 410 over 
the original dcsi^ used in the modules described in U.S. 

55 Pat Na 5,212,707. 

B i^ould also be noted that die module 410 illustrated in 
HG. 8 includes pointing minors 416 in the basic module 
structure. These pointing mirrors are used to direct the 
ou^^ut beam exiting the module 410 throu^ the optical path 

60 illustrated ia FIG, 7 aad ioto optical nb^ 470. 
Advantageously, fee pointir^ mirrors 416 provide the fine 
adjustments required to achieve a high coupling efficiency to 
the optical fiber 470. It should also be noted that the first 
commercial systems according to U.S. Pat No. 5*212,707 

65 provided 100 watt output power by polarization coupling 
two of the laser diode arrays shorn in HGS, 2 and 3. This 
approadi to sntramodule coupling was discarded in favor of 



the module config^uiatioa shown in FICG. 8, which advanta- 
geously decreases the overali si2e of nuxhile 410 while 
inaeasing fluence at the wcHrlqpiece. 

Another iii^>roveinent to the basic design of the modules 
410 is the use of stackableixucrochannnel coolers to increase s 
the packing density of the laser diodes and consequently 
reduce the avaall size of the system. Advantageously, 
cooling systems such as that disclosed in US. Pat No. 
5*495,490, which patent is incorpc^ed by rrfcrence for all 
puzposes, can be used. iq 

Refcxring to FXG. 9, a prefenred embodiment d the torch 
head 500 includes N ooUimatittg lenses 504, which receive 
ou^t beams from optical fibers 470 via N fiber ou^ts 502 
and which* in conjunction with transfonn lens 506, focus die 
NouQ«t beams onto a single spot It will be appreciated that 
the output of MxNxP laser diodes are focused onto a single 
spot by torch head 500. Alternatively, it will be appreciated 
that the output of the LHAs 400 can be combined to end 
pomp a solid state las^ lod 510 using an identical or similar 
structure as ihat^own in FIG. 9. It should be mentioned that ^ 
the number of collimating lenses in torch head 500 is &e 
number of LHAs 400. It should also be mentioned that the 
laser rod 510 advantageously can be replaced by ei&er a 
rare-earth doped optical fiber or a dye laser, ie.. any laser 
amplifying medium can be serially coupled to head 500. ^ 

As discussed above, the DLS 1 shown in FIG. 5 is for an 
exemplary case in which the ouQMit beams of four LHAs 400 
arc combined to deliver over 3200 watts of cw power to a 
single focusing lens 506. It should be noted that the output 
beam of each LHA 400 is produced by didiroic and polar- 30 
izatiott combining of the ou^uts of twelve nkodules 410. 

It should be recognized that the output power of the DLS 
1 can be varied in a number of ways* First, the number K of 
LHAs 400 can be varied. For example, doubling the number 
K of LHAs 400 would douUe the combined power of the 55 
output beams. Allmiatively, the number M oi modules 410 
and corresponding dicdsroic filters could be varied to vary the 
ou^t power level In an exemplary case, reducing the 
number M £com 12 to 6 would halve the output power of that 
particular LHA 400. Finally, it should be noted that the 40 
ou^ut power of the DLS 1 can advantageously be varied by 
controlling either the number MxN of system naodules 410 
energized or by controlling the excitation power level to 
some portion of the MxN modules 410. Although the ou^ 
power can be adjusted by uniformly adjusting the excitation 45 
current to die MxN modules 410, it will be appreciated that 
control at die upper and lower limits ci system power may 
be difficult For that reason, selected portions of the MXN 
modules nuy be controlled while the remainder of the MxN 
modules 410 nuy be eithei on or off, depending on the 50 
desired system ou^t power: It should also be recognized 
that the output power of the selected MxN modules 410 may 
be varied in accordance with excitation current in a cw 
operating mode or may be varied in accordance with duty 
cycle in a pulsed operating mode. 55 

As discussed above, the ou^t of each respective module 
is fiber coi^»lod to an optical fiber 470. It should be noted 
that the transform lens 464 focuses and coiq>les the entire 
ou^ut beam of LHA 400 into fiber 470. Preferably, the sine 
of the convergence angle as the light beam arrives at the 60 
li^t-receiving end of die fiber 470 is less than the numerical 
aperture NA of that fiber; Advantageously, the NA of die 
fiber 470 is less dian 0.47 . Pief aribiy, the NA of the fiber 470 
is ^0.19 and, most preferably, the NA of the optical power 
is ^0.16. 65 

Frefcrably. die fiber coupling lens 464 is a lens designed 
specifically for focusing the collection of beams firom the 
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wide wavcl«igtii band system of LHA 400 into the optical 
fiber 470- The nninbex of modules 410 ^own in the exem- 
plary case illustrated in FIG. 7 was chosen to meet tiie 
c^cal power budget rcquked at the fiber ou^t and is 
5 entirely dependent on the quality of the optics used. As 
discussed previously, the only criteda is that the system 
produce 800 watts out of the fiber and be contained within 
a 0.16 NA. 

Those of ordinaiy skill in the art will appreciate that the 

10 coamncxdal applications range firom surgery, to cutting, 
welding, and heat treatii^ metals. In addition, this DLS 1 
win be ideal for paint sti^ing. curing, cutting and drilling 
con^wsite materials. Militaiy applications range from an 
off-gimbal illuminatiOT system to a delay denial system for 

IS nuclear storage areas. 

AnoUier key application for this technolc^r will be as an 
optical pimsp for solid state lasers, as discussed above, based 
on rare earth elements. This configuration facilitates excel- 
lent end pun^)ing of a solid state laser rod, rare-earth doped 

20 fiber (X dye lasa. Moreover, this configuration has proven to 
be the most efficient means yet devised for converting 
incoherent laser diode pump li^t into a high quality, high 
brightness beant 
Although a presently prefMied embodiment of the present 

25 invention has been described in detail hereinaboveat should 
be clcaaly understood that many variations and/or modifi- 
cations of die basic inventive concepts hsaxm taught, which 
may appear to those skilled in die pertinent art will still fall 
wldiin the spirit and scope of the present invention, as 

30 defined in the appended daims. 
What is claimed is: 

1. A diode laser systoa comprising: 

N lasa: head assemblies (LHAs) generating N output 

beams, wherein each of said N LHAs includes: 
^5 M modules geiKxating M laser beams, wherein each of 

said M laser beams has a different sin^e wavelengdi; 
M-2 dichioic filters, wherein eadi of said M-2 didiroic 

filters transmits a cocrespcmding one of said M laser 

beams and reflects all other of said M laser beams; 
^ a fiber coupling device collecting said M laser beams to 

produce a respective one of said N ou^t beams ; 
N optical fibers receiving req)ective ones of said N output 

beams and generating N received output beams; and 
an optical assembly recollimating and focusing said N 

received ou^ut beams on a single spot, 
where N and M are both integers ^2* 

2. The diode laser system as set forth in claim 1, furth« 
comprising N LHA controllers controlling the output power 

50 procUiccd by respective ones of said N LHAs. 

3. The diode laser system as set fortii in claim 1, further 
con^idsii^ a LHA controller controlling die ou^ut power 
produced by afl of said S LHAs. 

4. The diode laser systeuL as s^ forth in claim 1, wherein 
55 said optical assembly comprises: 

N coilimating lenses for recollimating respective ones of 

said N output beams; and 
a single transform lens focusing said recollimated N 
output beams onto said single spot 
60 5. Hie diode laser system as set forth in daim 4, wherein 
said single spot corresponds to one end of a solid state laser 
rod. 

6. The diode laser systm as set for& in claim 4. wherein 
said single spot corresponds to one end of a rare earth doped 

65 optical fiber. 

7. The diode laser system as s^ forth in claim 1, wherein 
each of said LHAs oomj^iscs: 
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M/2 first modules generating M/2 first lasor beams* 

wherein each of said W2 first laser beams has a 

cQiTesp<mding single wavelength; 
(M/2)- 1 didiroic first filters, wherein eadi of said (M/2)-l 

dichroic first filtors transmits a conesponding one of ^ 

said M/2 first laser beams and reflects all other of said 

M/2 first laser beams; 
M/2 second modules genera^ng M/2 second laser beams. 

wherein each of said M/2 second lasex beams has a 

cocrespoading single wavelength; 
(M/2)-l didiroic second filters, wherein each of said 

QA/iyi dichroic second filters transmits a conespond- 

ing one of said M/2 second laser beams and reflects all 

other of said M/2 second laser beams; 
a polarizer coupling first and second M/2 laser beams to 

thereby produce M poiarfzation cospied laser beams; 

and 

a fiber coupling device collecting said M polarization 
coupled laser beams to produce a respective one of said 20 
N output beams. 

8. The diode laser system as set forth in claim 1, wherein 
said each of said M-2 dichroic filters band pass filters said 
corresponding one of said M laser beams and reflects all 
other of said M laser beams. 25 

9. A diode laser system, con^sing: 

N laser head assemblies (LHAs) g^erating N output 
beams, wherein each of said N LHAs includes: 

M first modules generating M fij^t laser beams, wherein 
each of said M first laser beams has a different single ^ 
wavelength; 

M-1 first dichroic Mers defining a first opikaL waveguide 
for directing all of said M first laser beams into a first 
optical path, wherein each of said M-1 first dichroic 
filters transmits a corresponding one of said M first 
laser beams and reflects all o&er said M first laser 
beams; 

a fiber coupling device disposed adjacent to said first 
optical path collecting said M first laser beams to 40 
produce a respective one of said N output beams; 

N optical fibers receiving respective ones of said N output 
beams and generating N received output beams; and 

an optical assembly recollimating and focusing die N 
received ou^t beams onto a single spot 

where N and M are bo& integers ^2. 

1#. The diode laser system as set forth in daim 9, wherein 
said optical assembly comprises: 

N collimating lenses for recollimating said N output 
beams; and 

a single tcansfosm lens for focusing said recollimated N 
output beams onto said single spot 

11. The diode laser system as set forth in churn 18. 
wherein said single spot corresponds to ewe end of a laso" 55 
amplifying medimn. 

12. The diode laser system as set forth in claim 9, wherein 
eactx of said LHAs further con^xrises: 

M second modules generating M second laser beams, 
wherein each of said M second laser beams has a ^ 
different single wavelength; 

M-1 second dichroic filters defining a second optical 
wavegmde for directing all of said M second laser 
beams into a second optical path, wherein each of said 
M-1 second dichroic filters transmits a oouesponding 65 
one of said M second laser beams and reflects all other 
said M second laser beams; 
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a rotating dement fos lotati&g Hit polarizations of said M 

second laser beams; and 
a poiamer disposed at the intersection of said first and 
second optical paths coi^Hng said M first and M 
5 second laser beams into the second optical patli to 
thereby produce 2M polarization coupled laser beams; 
whereiD said fiber coupling device collects said 2M 
polarization coupled laser beams to produce a respec- 
tive one of said N ou^ut beams. 
IQ 13. The diode laser system as set fcHlh in claim 9, wherein 
said fiber coupling device oon^jrises atransfonnlens receiv- 
ing and coupling said M first laser beams to one of said N 
optical fibas to thffeby produce a respective one of said N 
ou^ut beams. 
^ j 14. A diode laser system* comprising: 

means for generating N laser beams, wherein eadi of said 
N laser beams iadudes muitiple wavelengths of light 
and ^^^leretn said generating means conoprises: 
M first means for generating M first laser beams, wherein 
20 eacli of said M first laser beams has a different single 
wavelength; 

M-1 first filter means defining a first optical waveguide 
for directii^ all of said M first laser beams into a first 
optical path, wherein eadi of said M-1 first filt^ means 
25 tmnsmits a corresponding cme of said M first Laser 
beams and reflects all other said M first laser beams; 

fiber coupling means disposed adjacent to said first optical 
path fat collecting said M first las^ beamts and for 
producing a req)ective one of said N output laser 
30 beams; 

N opUad fiber means c&xtvmg respective one of said N 
output laser beams for generating N received output 
beams; and 

output means for recoUimating and for focusing said N 

received output beams on a single spot, 
where N and M are both integers ^2. 

15. The diode kser system as set foitii in claim 14 
wherein said ou^ut means comprises: 

^ N collimati]^ lenses for recoUimating said NxM laser 
beams; and 

a sii^e transfonn lens focusing said recoUimated NxM 
laser beams onto said single spot 

16. The diode laser system as set forth in claim 14, 
wherein said single spot corresponds to one end of a solid 
state laser. 

17. The diode laser system as set forth in claim 14^ 
wherein said single spot ccnresponds to one end of a 
rare-eardi doped optical fiber. 

18. TTie diode laser system as set forth in claim 14. 
\^a:ein said single spot ccHxesponds to one end cf a dye 
laser. 

19. The diode laser system as set forth in claim 14, 
wherein said genesatii^ means fiirtfaer comprises: 

^5 second means for generating M second laso: beams, 
whoiein each of said M second laser beanos has a 
difforent single wavelength; 

M-1 second filter means defining a second optical 
waveguide for directing all of said M second laser 
beams into a second qpdcal path, wherdn each of said 
M-1 second filt^ means transmits a corresponding <Hie 
of said M second las^ bean^ and refiects all other said 
M second laser beams; 

rotating means f(x rotating th& polarizations of said M 
65 second laser beams; and 

polarization means disposed at the intersection cf said 
first and second optical paths for coupling said M first 
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and M second laser beams into said second optical pa& 
to thereby prodiice 2M polarization coupled laser 
beams, 

wherein said fiber coupHng means collects said 2M polar- 
ization coupled laser beams to pn>duce a respective one ^ 
of said N laser beams* 

20. The diode laser system as set forth in claim 19* 
wherein said fiber coupling device comprises a txansfonn 
lens f<x receiving and for coupling said 2M pdarizadon 
coupled las^ beams to one of said N optical fiber roicans to 
thereby produce a respective one of said N ou^ut beams. 

21. A method for generating a high energy laser beam, 
comprising: 

(a) generating P collim^ed laser beams having an Mtii 
wavelengtii; 

(b) repeatiag stqp (a) M times so as to produce MxP 
cofiimated laser beams having M different wave- 
lengdis; 

(c) coupling said MXP coUimated laser beams into an 
optical path; 
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(d) coupling said MxP coUimated laser beams into an itfa 
optical fiber to diereby produce a corresponding ith 
ou^ut laser beam, ^s^iere i=l to N; 

(e) repeating stq)S (a) through (d) N times to thereby 
5 generate N ou^t laser beams; 

(f) recolUmatmg said N output laser beams to produce N 
recoUunatcd laser beams; and 

(g) focusing said N recoUimated laser beams onto a single 
spot, 

10 vvhcrc M« N and P are integers ^2. 

22. The m^Kxl as set forth m daim 21, wherein step (c) 
con^Mises dichroically coupling said MxP <»tlimated laser 
beams into said optical p^A^. 

23. The method as set forth in daim 21. wherein step (c) 
15 con^mses dichroically and polarization coufding said MxP 

coUimated beams into said optical path, 

24. The method as forth in daim 21, wherein step (c) 
con^idses polarization coupling said MxP coUimated ks^ 
beams into said optical pa^i. 
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Column 15 

1 25. A diode laser system, comprising: 

2 a laser head assembly generating an output beam, the laser head assembly including: 

3 M modules which generate M laser beams, wherein each of said M laser beams has 

4 a different single wavelength: and 

5 M-2 dichroic filters, wherein each of said M-2 dichroi c filters transmits a 

6 corresponding one of said M laser beams and reflects all othe r of said M laser beams 

7 into a predetermined optical path to produce said output beam, 

8 where M is an integer >2. 

1 26, A diode laser system, comprising: 

2 a laser head assembly which generates an outmt beam, the la ser head assembly including: 

3 M modules which generate M laser beams, wherein each o f said M laser beams 

4 occupies a different wavelength band: 

5 M-R dichroic filters, wherein each of said M-R dichroic filters transmits at least a 

6 respective one of said M laser beams occupying a given wavele ngth band and reflects 

7 all other of said M laser beams not occupying the given w avelength band: and 

® an optical device which combines said M laser beams to thereby produce said output 

^ beam. 

A wherein: 

1^ M and R are positive integers: and 

% M is an integer ^2, 

£ 27. The diode laser system as recited in claim 26. wherein the optical device comprises 

i means for collecting said M laser beams to thereby produce said output beam. 

ly 28. The diode laser system as recited in claim 26. wherein th e optical device comprises a 

^ fiber coupling device which collects said M laser beams to thereby prod uce said output beam. 

^ 29. The diode laser system as recited in claim 26. wherein the optical device comprises a 

^ polarization combiner which combines first selected ones of said M laser beams with second selected 

3 ones of said M laser beams to thereby produce said output beam. 

1 30. The diode laser system as recited in claim 29. wherein the first selected ones of said M 

2 laser beams are equal in number to the second selected ones of said M laser beams. 

1 31. A laser head assembly which generates an output beam including M laser beams. 

2 comprising: 

3 M modules generating M laser beams, wherein each of said M laser beams has a different 

4 single wavelength: and 

5 M-2 dichroic filters, wherein each of said M-2 dichroic filters trans mits a corresponding one 

6 of said M laser beams and reflects all other of said M laser beams: 

7 wherein M is an integer >2. 
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Column 16 

1 32. The laser head assembly as recited in claim 3 1 , fiirther comprising a fiber coupling device 

2 collecting said M laser beams to produce an output beam; 

1 33. A method for generating a high energy laser beam, comprising: 

2 (a) generating P coUimated laser beams having an Mth wayelength: 

3 repeating step (di\M times so as to produce MxP coUimated laser beams having M 

4 different wavelengths; and 

5 (q\ coupling said MxP coUimated laser beams into an optical path to produce a high energy 

6 laser beam. 

7 wherein M and P are integers >2. 

1 34. The method as recited in claim 33, wherein the step (c) comprises dichroicallv coupling 

2 said MxP coUimated laser beams into said optical path. 

1 35. The method as recited in claim 33, wherein the step (c\ comprises dichroicallv and 

2 polarization coupling said MxP coUimated laser beams into said optical path. 

U 36. A diode laser system, comprising: 

B laser head assembly (LHA^ which generates an output beam, the LHA including: 

# M modules generating M laser beams, wherein each of said M laser beams has a different 

^ single wavelength: 

:i M-1 dichroic filters defining an optical waveguide for directing aU of said M las er beams into 

jl the optical path, wherein each of said M-1 first dichroic filters transmits a correspo nding one of said 

^6 M laser beams and reflects all other said M laser beams: and 

a fiber coupling device disposed adjacent to the optical path for collecting said M laser beams 

fil to thereby produce an output beam; 

C5 where M is an integer > 2. 
W 

C| 37. A diode laser system, comprising: 

54 laser head assembly (LHA") which generates an output beam, the LHA including: 

3 M first modules generating M first laser beams, wherein each of said M first laser beams has 

4 a different single wavelength; 

5 M-1 first dichroic filters defining a first optical waveguide for directing all of said M first 

6 laser beams into a first optical path, wherein each of said M-1 first dichroic filters transmits a 

7 corresponding one of said M first laser beams and reflects all other said M first laser beams: 

8 M second modules generating M second laser beams, wherein each of said M second laser 

9 beams has a different single wavelength: 

10 M-1 second dichroic filters defining a second optical waveguide for directing all of said M 

11 second laser beams into a second optical path, wherein each of said M-1 second dichroic filters 

12 transmits a corresponding one of said M second laser beams and reflects all other said M second 

13 laser beams: 

14 a polarization combiner disposed at the intersection of said first and second optical paths 
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15 which coupling said M first and M second laser beams into the second optical path to thereby 

16 produce 2M polarization coupled laser beams: and 

17 a fiber coupling device disposed adjacent to said first and second optica l paths for coupling 

18 said 2M polarization coupled laser beams to thereby produce the output beam. 

19 where M is an integer > 2. 

1 38. A laser head assembly TLHA) which generates an output beam, comprising: 

2 M modules generating M laser beams, wherein each of said M laser beams has a different 

3 single wavelength: 

4 M-R dichroic filters defining a first optical waveguide for directing all of sa id M laser beams 

5 into a first optical path, wherein each of said M-R dichroic filters transmits at least one of said M 

6 laser beams: 

7 S second modules generating S laser beams, wherein each of said S laser beams has a 

8 different single wavelength: 

9 S-T dichroic filters defining a second optical waveguide for directing all of sa id S laser 
10 beams into a second optical path, wherein each of said S-T dichroic filters transm its at least one of 
O said S laser beams: 

# a polarization combiner disposed at the intersection of said first and seco nd optical paths 

which couple said M and said S laser beams into a common optical path to the reby produce M + S 

% polarization coupled laser beams: and 

a fiber couphng device disposed adjacent to said first and second optical paths for coupling 

Ift said M + S polarization coupled laser beams to thereby produce the output beam. 
^ wherein: 

Js M. R. S and T are positive integers: and 

af at least one of M and S is > 2. 

pL 39. A diode laser system, comprising: 

means for generating M laser beams, each of said M laser beams having a different 

5 wavelength: 

M-R filter means defining a first optical waveguide for directing all of said M first laser 

5 beams into an optical path, wherein each of said M-R filter means transmits at least one of said M 

6 first laser beams: and 

7 fiber coupling means disposed adjacent to said optical path for collecting sai d M laser beams 

8 to thereby produce an output laser beam. 

9 wherein M and R are both positive integers, and 

10 wherein M > 2. 

1 40. A diode laser system, comprising: 

2 first means for generating M first laser beams, wherein each of said M first laser beams has 

3 a different single wavelength: 

4 M-1 first filter means defming a first optical waveguide for directing all of said M first laser 

5 beams into an optical path, wherein each of said M-1 filter means transmits a corresponding one of 

6 said M first laser beams and reflects all other said M first laser beams: 



Column 1 8 

7 second means for generating M second laser beams, wherein each of said M second laser 

8 beams has a different single wavelength: 

9 M-1 second filter means defining a second optical waveguide for directing all of said M 

10 second laser beams into a second optical path, wherein each of said M-1 second filter means 

11 transmits a corresponding one of said M second laser beams and reflects all other said M second 

12 laser beams: 

13 polarization combining means disposed at the intersection of said first and second optical 

14 paths for coupling said M first and said M second laser beams into said second optical path to 

15 thereby produce 2M polarization coupled laser beams: and 

16 fiber coupling means disposed adjacent to said second optical path for collecting said 2M 

17 polarization coupled laser beams to thereby produce an output laser beam. 

18 wherein M is a integer > 2. 

1 41 . A method for generating a high energy laser beam, comprising: 

2 (a) generating P coUimated laser beams having an Mth wavelength: 

3 (b) repeating step (a) M times so as to produce MxP coUimated laser beams having M 
0 different wavelengths: 

11 (c) coupling said Mx? coUimated laser beams into an optical path: and 

M (d) coupling said Mx? coUimated laser beams into an ith optical fiber to thereby produce a 

# corresponding ith output laser beam, where i=l to N: 

^ where M. N and P are positive integers and both M and P >2. 



ABSTRACT 



A direct diode laser systemincludes N laser head assemblies 
(LHAs) generating N output beams* N optical fibers leoeiv- 
ing respective N output beams and geneiattng N received 
output beams, and a t(X<h head recoUimating and focusing 
the N received ou^ut beams onto a single spot Preferably* 
eadi of tiie laser head assemblies of the direct diode laser 
system includes M modules generating M laser beams, 
wherein each of the M laser beams has a corresponding 
single wavelengdi of light, M-i dichroic filters, wherein 
each of the M-1 dichroic filter transmits a cofresp<xiding one 
of the M laser beams and reflects all other wavelengths, and 
a fiber coupling device collecting the M laser beams to 
produce a respective one of the N output beams. In an 
exen5)lary case, the M-1 dichroic filters function as band 
pass filters. A method of generating a h^ fluence, high 
power laser beam is also descrtbed. 
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REISSUE APPLICATION DECLARATION BY THE INVENTOR 



Dockfat NumbHr (Opti 



Ae a bdow named inventor, I horoby doclaro that: ^Jp^^ 
My residence, mailing address and citizenship are stat&d bslow n^xt to my n$m^. 
I believe 1 am the original, first and sole inventor (if only one name is listed below) or qin^orl^fffar;^ first and 
joint inventor (if plural names are listed below) of the jsubjeet matter which is described and claimed 

in patent number 5,71 5,270 ,granted 02 /03/1 998 , and for which a 

reissue patent is sought on the invention entitled HIGH EFFICIENCY, HIGH PO WER DIRE CT DIO DE 

LASER SYSTEM S AND METHODS T HE R EFOR , , 

the specificgtion of which 

I I is attached hereto. 

was filsd Oh 02/Q3/ZQ0Q as reissue application number _._Q9/49B,_254_ 



and was amended on 



MIA. 



(If aoplicable) 

i have reviewed and understand the contents of the above identified speeific^tipn, including th? ql^iim?, 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which fs material to patentability as defined in 
37 CFR 1 .55. 

I vcniy boligvg the original patent to be wholly or partly inoperative or invalid, for the rcaconc dcccribed 
below. (Check all boxes that apply.) 

□ by reason of & defective ^p^pifiggtign or drawing. 

SI by reason of the patentee claiming more or less thgn be had the right to clgim in the patent, 
n by reason of other errors. 

At least one errgr upon which reissue Is based is described below. If the reissue is a broadening 
rei^isue, such must be stated with an explanation as to the nature nf the broadening' 



In Lf.S. Patent No. 5,715,270, Applk\itits eiTonfOiisly, md without deceptive itttot cliitnu^d 
less that) they were entitled to claim. For ejcainple, claim 1 of tlie '270 pat^fnt recited: 

1. A diode lager system, comprising: 

N laser head assemblies (LHAs) generating N output beams, wherein each of said N LKAs 
includes: 

M modules generating M la^er beams, wherein each of said M laser beams has a different 
single wavelength; 

M-2 dicliroic fihers, wherein each of said M-2 dichroic titters transtnits a cotresponding one 
of .said M kytfr beamy and r*?fltft;ts all other of said M liiiier beamy; 
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a fiber coupling device collet?ting said M laser beams to produce a respective one oFsaid N 
ntlput beams- 

N optical fibers receiving respective ones of said N output beams afid generating N received 
Lput beams; and 

an optical asse^nbly recoil imating and focusing said N received output beams on a single 

spot. 

where N and M are both integers > 2. 

In doing so, Applicants erroneously claimed a diode laser system including at leiist two las$r 
head assemblies. However, the hser diode system to wiiich die Applicants believe they are entilled 
is as recited below: 

25. A diode laser system, comprising: 
a laser head assembly generating an output beam, wherein tlie laser head assembly includes: 
M modules which generates M laser beams, and wherein each of said M laser beams has a 
different wavelength band; itnd 

M-2 didiroic fillers, wherein each nf s;iid flichroic i^lfers Ininsmils ii Corrc^ponchng 
one of said M laser beams and reflects all otlier of said M laser beams into a predetermined optical 
path to produce said output beam; and 

where M is an integer >2. 

It will be appreciated from a comparison of chtims 1 of the *270 patent iuid claim 25 of tlic 
Reissue application, the recitation of but a single laser head assembly permits additional elements, 
such as the N optical fibers of claitn J to be omitted from the claimed diode laser system. 
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Dockst Number (Optional) 

D-3953-RE 



All errors corrected in this reissue application arose without any deceplivG jOtfiflop^jg^^he part of the 
applicant As a named invenlor, I hereby appoint the following attorf^ey{s) and!^rNsg9nt{s5 tsMrosecule this 
application and transact ali business in the United States Patent and Trademap: Office connect^therGwith. 

Name(3) ^ _ ^ Rsgistration Number I ffi C 2 9 ^Mft' 



,31,439, 



-Raman-fL-bloch 



... 



Correspondence Address; Direct all communications about the application to: 
Customer Numl^er 



Typ9 Customer Number here 



PlaCQ Customer Number Bar 
Coc/e Lsib9f here 



Firm or 



ndividual Name 



Address 
Address 



WESTERLUND POWELL, P.C. 



122 N. Alfred Street 



Alexandria 



State 



VA 



Zip |2231 4-3011 



Co unt ry_ 



Telephone 



United States 



(703) 706*5862 



Fax 



(703) 706-5860 



I nereDy declare that all staiements made herein of my own KnowiedQe are true ana that all statements 
made on infonnation and belief ar© believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the lik^ s<? m^de sr? punishable by fine and imprisonment, 
or both, under IS U.S.C. 1001^ and that such willful false statements may jeDpardi2e the validity of the 
application, any patent issuing thereon, or any patent to which this declaration is directed. 



Full name of sole or first inventor (given name, family name) 
Mark S. Zedlker 



Inventor's signature 



Date 



ResidencA 



S ame as Mailing Address 



Citizenship 



United States 



Mailing Address 



4005 Wanewav Co»rt, Florissant MO 63034*3218 



Full name of second joint iriventor (given name, family name) 

Robert R. Rice,,^-^ 




inventor's signature 



Residence 



Same as Mailing Addrass 



Date 



Mailing Address 



Full name of third joint inventor (given name, family name) 
John M. Haake 


inventor's signature 


Date 


Residence 

Same as Mailing Address 
Mailing Address g ^^^^ p,^^^^ ^^^^^^^^^ 


Citizenship 

United States 
), 63301-1236 


□ Additions] joint inv^ntcTs are named on separately numbered sheets attached hereto. 



[Pogo 2uf2] 



SSt78 £81 £01 :□! 



:WOdJ W-m m ST -330 



PTO/S6/51 (10-00) 
Approved for use thfOUgh 12/30/00. OWB 0651-0033 
u.fl. Pbii«ru and TrwdtjiiiiifK OfHcb; u .B, pePA^TMftNT or commerce 
K)n6»r t)i» f^fiparwork Rfldudion Aci QT na parsons aw r^qulrad to raspQ^d to a cQjtedi.Dn Of informatta" uniBBS h displays a valid QMS corxmi number 



REISSUE APPLICATION DECLARATION BY THEINVgNTOR 




As a below named inc^entor, I hereby declare thai: 

My rssidsnce, mailing address and citizenship are stated belONA/ next to my name. ' 
1 believe t am the original, first and sole inventor (if only one name is listed below) i 
joint inventor (if plural names are listed bsiow) of the subject matter which is described^ 

in patent number 5J1 5,270 .granted 02/03/199 8 , and for which a 

reissue patent is sought on the invention entitled HIGH EFFIC IENCY. HIG H POWER DIR ECT DIODE 

JJSERJJSJ£M&Aim^ . - 

tha specification of which 

I I is attached hereto, 

was filed on 02/03/2 000 reissue application number Q9/ 4 98,254 

and was amended on ^ N ^A ^ - 

(If applicable) 



I have reviewed and understand the contents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 

1 acknowledge the duty to disclose information which is materiaf to patentability as defined in 
37 CFR1.56. 

I vorily bollovo tho original patoni to bo wholly or partly inoporativo or invalid^ for tho roaeona doccribod 
below, (Check all bOKes that apply.) 

I i by reason of a defective specification or drawing. 

[Xl fey reason of the patentee claiming more or less than he had the right to claim in the patent. 
I I by reason of other errors. 

At least one error upon which reissue Is based Is described below. If the reissue is a broadening 
rsissLie. snnh must be stated with an «>cpl5ination as to thft nature of the broadoning: 



In LIS. Patent No. 5,715,270^ Applicants an-oiieously, and without deceptive intent, cla2in^.d 
less than they were entitled to claim. For example?, claim 1 of the *270 patent recited: 

1. A dtods laser system, comprismgr 

N laser head assemblies (LHAs) generating N output beams, wherein each of said N LHAs 
includes: 

M modules generating M laser beams, whorein each of said M laser beams has a different 
single wavelength; 

M-2 dichroic filters, wherein each of said M-2 dichroic filters transmits a corresponding ojie 
of said M kiier beanus and reflects aU oLher of said M laser beams; 
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(REISSUE APPLICATION DECLARATION BY THE INVENTOR, page 2) 

All errors corrected In this reissue application arose without any deceptive intaniion on the part of the 
applicant As a named inventor, I hereby appoint the following attorney{s) and/or agent{s) to prosecute this 
application and transact all business in the United States Patent and Trademark Office connected therewith. 

Name(s) „ . 
JBttlieitAJfltesterliiiid 

.JtamonJLiloch- 34,108 

Correspondence Address; Direct all communications about the sppiication to; 
I I Customer Number 



Registration Number 
.31,433- 



Type Customer Number hare 



PtacB Customer Number Bar 
Cods Labs! hare 



rgi Firm or 
^ Individual Name 



Address 
Address 



WESreRLUND POWELL, P.C. 



122 N. Alfred Street 



City 



Alexandria 



State 



VA 



2p 



22314-3011 



Country 



United States 



Telephone 



(703) 706-5862 



Fax 



(703) 706-5860 



I hereby declare that all statements made herein of my own Knowledge are true and that aii statemente 
made on information and belief are believed to be tnje; and further that these statements were rnade with 
the knowledge that willful false statements and the like so made are punishable by fine and imprisonment, 
or both, under 18 U.S.C. lOOl, and that such willful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this declaration is directed. 



Full name of sole orfii^inventor (given name, family name) 

Mark 5. Zedtker 




Mailing Address 3^ ^Merlin Drive. St. Charles. MO 63304 



Full npme of Seconal joint inventor (given name, family n^met) 

Robert R. Rice 



Inventor's signature 



Date 



Residence 



Same as Mailing Address 



United States 



Mailing Address 



14736 Greenleaf Valley Drive. Chesterfield MO, 63017 



Full name of third joint inventor (given name, family name) 
John M. Haaki 



Inventors signature 




"^Citizenship 



Residence ^ ^ 
Same 



Mailing Address 



United States 



Mailing Address g j^^^ py^^^ gt Charles, MO. 63301-1296 



□ Additlongl joint inventors are named on ssparalaly numbered sha& ts attached horsto. 
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a fiber coupling device collecting said M laser bea^ns to produce a respective one of said N 
output beams; 

N optical fibers receiving respective ones of said N output beams and generating N received 
output beams; and 

an optical assembly recollimating and focusing said N received output beams on a single 

spot^ 

where N and M are both tntegers i 2. 

In doing so, ^plicaxrts erroneously claimed a diode laser system including at least two laser 
head assemblies. However, the laser diode system to which the Applicants believe they are entitled 
is as recited below: 

25. A diode laser system, comprising: 

a laser head assembly generating an output beam, wherein the laser head assembly includes; 
M modules which generates M laser beams, and wherein each of said M laser beams has a 
differmt wavelength band; and 

M-2 dichroic fitters wherein each of said M-2 dichroic filtfirsi transmits a correRpftfldins 
one of said M laser beams and reflects all other of said M laser beams into a predetennined optical 
patlito produce said output beam; and 

where M is an integer li. 2. 

It will be appreciated from a comparison of claims 1 of the '270 patent and claim 25 of the 
Reissue application, the recitation of but a single laser head assembly permits additional elements, 
such as tlic N optical fibers of claim 1 to be omitted from the claimed diode laser system. 
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I hereby declare that: 

My residence and mailing address and citizenship are stated below next to my name. 
I am authorized to act on behaif of the following assignee: McDo""e" Douglas Corpd 
and the title of my position with said assignee is: Chief Counsel 



The entire title to the patent identified below is vested in said assignee. 



Name of Patentee{s) 

Mark S. Zediker, Robert R. Rice, and John M. Haake 



Patont Number 

5,715,270 



Dato of Patont IcGuod 

02/03/1998 




Title of invention 

High Efficiency, High Power Direct Doide Laser Systems and Methods Therefor 



I believe said patentee(s) to be the original, first and sole/joint inventor(s) of the subject matter which is 

described and claimed in said patent, for which a reissue patent is sought on the invention entitled 

High Efficiency, High Power Direct Doide Laser Systems and Methods Therefor 

the specification of which 
Q is attached hereto. 

S was filed en 021^0^ ^^,3^^^ ^^^^^^^.^^ ^^^^^^ ^ /498,254 

and was amended on !~— . 

(If applicable) 

I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

1 acknowiedgefhe duty to disclose information which is material to patentability as defined in 37 CFR 1.56. 

I verily believe the onginal patent to be wholly or partly inoperative or invalid, for the reasons described 
below. {Check all boxes that apply.) 

C by reason of a defective specification or drawing. 

E by reason of the patentee claiming more or less than he had the right to claim in the patent. 

I — I 

I — J by reason of other errors. 
At least one error upon which reissue is based is described as follows: 

See Attached Sheet 

[Attach additional sheets, if needed.] 

Ail errors corrected in this reissue application arose without any deceptive intention on the part of the 
applicant 
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In U.S. Patent No. 5,715,270, Applicants erroneously, and without deceptiv/intent, claimedSv 
less than they were entitled to claim. For example, claim 1 of the '270 patent reciteti: 2 9 2fi00 ' 

1 . A diode laser system, comprising: 

N laser head assemblies (LHAs) generating N output beams, wherein each of sa ^ 
includes: 

M modules generating M laser beams, wherein each of said M laser beams has a different 
single wavelength; 

M-2 dichroic filters, wherein each of said M-2 dichroic filters transmits a corresponding one 
of said M laser beams and reflects all other of said M laser beams; 

a fiber coupling device collecting said M laser beams to produce a respective one of said N 
output beams; 

N optical fibers receiving respective ones of said N output beams and generating N received 
output beams; and 

an optical assembly recoUimaLing and focusing said N received output beams on a single 

spot, 

where N and M are both integers > 2. 

In doing so, Applicants erroneously claimed a diode laser system including at least two laser 
head assemblies. However, the laser diode system to which the AppUcants believe they are entitled 
is as recited below: 

25. A diode laser system, comprising: 

a laser head assembly generating an output beam, wherein the laser head assembly includes: 
M modules which generates M laser beams, and wherein each of said M laser beams has a 

different wavelength band; and 

M-2 dichroic filters, wherein each of said M-2 dichroic filters transmits a corresponding 

one of said M laser beams and reflects all other of said M laser beams into a predetermined optical 

path to produce said output beam; and 
where M is an integer >2. 

Tt will be appreci^ited from a comparison of claims 1 of the '270 patent and claim 25 of the 
Reissue application, the recitation of but a single laser head assembly permits additional elements, 
such as the N optical fibers of claim 1 to be omitted from the claimed diode laser system. 
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I hereby appoint the following attorney(3) and/or agent(s) to prosecute this application 
all business in the United States Patent and Trademark Office connected therewith 

Name(s) Registration Number 

Raymond H. J. Powell, Jr. " 34,231 



lact 



Robert A. Westerlund 



31,439 



Ramon R. Hoch 



34,108 



Correspondence Addre ss: Direct all communications about t he application to: 
I I Customer Number 



Type Customer Number Here 



Place Customer 
Number Bar Code 
Label Here 



OR 



— I Firm or 
XI Individual 
Name 



Address 



WESTERLUND POWELL, P.C. 



122 N.Alfred Street 



Address 



City 



Alexandria 



state 



VA 



Zip 



22314-3011 



Country 



United States 



Telephone 



(703) 706-5862 



Fax 



(703) 706-5860 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statGrnents made on information and bellGf are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine and imprisonment, or both, under 18 U.S.C. 1001, and that such willful false statements may 
jeopardize the validity of the application, any patent issuing thereon, or any patent to which this 



aeciaraiion is aireciea. 

Full name of person signing (given name, family name) 
Richard J. WicWtem, Chief Counsel 










P O Box 516, St. Louis, MO, 63166-0516 




Patentee 

Mark S, Zediker 


Citizenship 
United States 


Residence/Mailing Address 




315 Merlin Drive, St. Charles MO 63304 




Patentee 
Robert R. Rice 


Citizenship 
United States 


Residence/Mailing Address 

14736 Greenleaf Valley Drive, Chesterfield, MO, 63017 


K] Additional Patentees are named on separately numbered sheets attached hereto. 
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List of Additional Patentees 



PTO/SB/i>2 [UG-OU) 
Approved for use through 1 2/30/2000. OMB 0651-0033 
U.S Patent and Trademark Office; U S. DEPARTMENT OF COMMERCE 



erthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection OT inTornnanon unit 

REISSUE APPLICATION DECLARATION BY THE ASSIGNEE 


3SS IT ulspiays a vaiiu vjivid uuiuiui iiuiiiuei 

DocKet Number (Optional) 
D-3953-RE 


Patentee 
John M, Haake 


Citizenship 
United States 


Residence/Mailing Address 

5 Gum Tree Place, St. Charles, M©Ti5^1-1296 


Patentee ^ ' ''^Nl 

/ 


Citizenship 


Residence/Mailing Address (s ^ ^2000- ^} 


''''''''' 


Citizenship 



Residence/Mailing Address 



Patentee 


Citizenship 


ResidencQ/Mailing Address 


Patentee 


Citizenship 



Residence/Mailing Address 



Patentee 



Residence/IV] ailing Address 



Citizenship 



Patentee 



Residence/Mailing Address 



Citizenship 



Patentee 


Citizenship 


Residence/Mailing Address 


Patentee 


Citizenship 



Residence/Mailing Address 



Patentee 


Citizenship 


Residence/Mailing Address 



□ Additional Patentees are named on separately numbered sheets attached hereto. 
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PTO/SB/96 (08-00) 
Approved for use through 10/31/2002 OMB 0651 -0031 
U.S. Patent and Trademai k Office; U.3 DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no pei^ons are required to respond to a coHection of information unless it displays a valid OMB control number. 



5;TATFMFNT UNPgR 37 CFR 3.73(b^ 

Applicant/Patent Owner: M cDonnell Dou glas Corporat ion 



Application No./Patent No.: 5,7 15,270 Filed/Issue Date: Fe bruarys , 1 998 

Entitled: High Ef ficiency, Hi gh Pow er Direct Diode Lase r Syste ms and Methods Therefor 
McDonnell Do uglas Corporation O Box 516, St Louism MO, 6 316 6-051 6 , 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, govern ment agency, etc.) 

states that it is: 

1. [X3 tine assignee of the entire right, title, and interest; or 

2. □ an assignee of less than the entire right, title and interest. 

The extent (by, percentage) of its ownership interest is % 

in the patent application/patent identified above by virtue of either: 

A. X] An assignment from the inventor(s) of the patent application/patent identified above. The assignment 

was recorded in the United States Patent and Trademark Office at Reel 8368, Frame 00^^ or for 
which a copy thereof is attached. 

OR 

B. [ ] A chain of title from the inventor(s), of the patent application/patent identified above, to the current 

assignee as shown below: 

1. From: To: 




The document was recorded m the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 

From: lo: 



The document was recorded in the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 

3. From: To: 



The document was recorded m the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 

[ ] Additional documents in the chain of title are listed on a supplemental sheet. 

[ ] Copies of assignments or other documents in the chain of title are attached. 

[NOTE : A separate copy f/.e., the original assignment document or a true copy of the original document) 
must be submitted to Assignment Division in accordance with 37 CFR Part 3, if the assignment is to be 
recorded in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/ ^-^g/ "3*^^) Rlchard/4. Wickham 

/Da 




Burden Hour Statement: This fonrt is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on 
the amount oT time you are required to complete this Torm should be sent to the Chier inrormatlon omcer, U.S. Patent and Trademark OlTlce, Washington, DC 
20231 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Assistant Commissioner for Patents, Washington, DC 20231 



